American Journal of Pathology, Vol. 157, No. 6, December 2000
Copyright © American Society for Investigative Pathology

Ligation of a4B1 Integrin on Human Intestinal Mucosal
Mesenchymal Cells Selectively Up-Regulates
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Human intestinal lamina propria mesenchymal cells
show high surface expression of the a4f1 integrin.
Ligation of @431 on mesenchymal cell lines with an
activating monoclonal anti-a4 antibody or vascular
cell adhesion molecule-immunoglobulin (VCAM-IgG)
leads to the appearance of activated forms of gelati-
nase A in culture supernatants, and the de novo expres-
sion of activated membrane type-1-matrix metallopro-
teinase (MT1-MMP). In functional assays, signaling
through a4p1 results in an increased capacity of mes-
enchymal cells to migrate through an artificial extra-
cellular matrix, an effect inhibitable by excess tissue
inhibitor of metalloproteinase-2. In organ cultures of
human intestine, VCAM-IgG also up-regulates MT1-
MMP, and in mucosal ulcers of inflammatory bowel
disease patients, MT1-MMP transcripts are abundant,
coincident with expression of VCAM-1 on cells at the
ulcer margin. Collectively these results suggest that
a4pB1-induced up-regulation of MT1-MMP may be a
crucial factor in the migration of mesenchymal cells
into ulcer beds during restitution of diseased gut mu-
cosa. (Am J Pathol 2000, 157:1955-1962)

The a4B1 integrin (very late antigen-VLA-4) is expressed
on immune and nonimmune cells throughout the body.
On T cells, ligation of a4B1 with the extracellular matrix
protein fibronectin or binding to its cell surface ligand,
vascular cell adhesion molecule-1 (VCAM-1) on endothe-
lium and macrophages provides a co-stimulatory sig-
nal.’® The counter-receptor, VCAM-1, is a member of the

immunoglobulin gene superfamily. It is expressed on
endothelial cells stimulated by inflammatory cytokines
such as interleukin (IL)-1 and tumor necrosis factor
(TNF)-a.® It is also present on dendritic cells of the tonsil,
spleen, and peripheral lymph nodes,*® on bone marrow
stromal cells, and on cytokine-treated neural cells and
synoviocytes.” '© «4B1 integrin not only serves as a
physical link between the extracellular matrix and the cell
but via pp125FAK tyrosine phosphorylation after ligand
binding can signal changes in the extracellular environ-
ment, thereby eliciting changes in cell function.™"?

Matrix metalloproteinases (MMPs) are a group of
Ca®*-dependent, Zn?*-containing enzymes produced
by various cell types including mesenchymal cells, T
cells, monocytes, macrophages, and neutrophils and are
capable of degrading all components of the extracellular
matrix.'®"'® Excess MMP activity causes tissue injury in
various conditions such as rheumatoid arthritis, osteoar-
thritis, periodontal disease, tumor progression, bone re-
sorption, and so forth."”~'® The extracellular activity of
MMPs is tightly regulated by tissue inhibitor of metallo-
proteinase (TIMP).

In inflammatory bowel disease (IBD), MMPs such as
stromelysin-1 are produced in excess by mesenchymal
cells activated by TNF-« or IL-18. There is good evidence
in model systems and in patients that high expression of
stromelysin-1 is important in mucosal degradation and
ulcer formation.?°=2* Gelatinase A is produced constitu-
tively by mesenchymal cells and is only marginally up-
regulated by pro-inflammatory cytokines.?? However, its
role in gut mucosal inflammation has never been as dis-
tinctive as that of stromelysin-1 both ex vivo and in vivo.
Whereas the addition of activated stromelysin-1 to ex-
plants of human fetal tissue leads to mucosal loss within
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24 hours, addition of equivalent amounts of activated
gelatinase A has no effect on mucosal structure.®® In-
stead, gelatinase A is believed to be more important in
the immediate pericellular space and is crucial for tumor
cell invasion and metastasis by degrading extracellular
matrix components such as type IV collagen, expressed
on the basement membrane in the gut. It has also been
reported that T cells secrete gelatinase A and that the
induction of this MMP in T cells on adhesion to endothelial
cells is VCAM-1-dependent.®®

We were interested in determining the regulation of
mesenchymal cell MMP production by pathways other
than pro-inflammatory cytokines. In this regard, the a41
integrin is of interest because it is expressed in lamina
propria mesenchymal cells, but not muscularis mucosa
cells.?®

Here we show that in contrast to TNF-« or IL-18, the
ligation of a4B1 on mesenchymal cells selectively up-
regulates MT1-MMP, increases activation of gelatinase A,
and stimulates the cells to migrate through an artificial
extracellular matrix. Migration is inhibited by TIMP-2.
MT1-MMP mRNA was also detected in an ex vivo intesti-
nal organ culture model after a4B1 ligation. Furthermore,
high expression of MT1-MMP and stromelysin-1 mRNA
were seen at ulcer edges in IBD along with VCAM-1-
positive cells. These data support the notion that signal-
ing through «4p1 integrin on intestinal mesenchymal
cells may be important in promoting the migration of
mesenchymal cells through granulation tissue during mu-
cosal healing.

Materials and Methods

Monoclonal Antibody and Fusion Protein

a4B1 on mesenchymal cells was ligated using a murine
monoclonal IgG1 anti-human VLA-4.2” A recombinant
human VCAM-IgG fusion protein was also used®® in
which the first two Ilg domains were linked to human IgG1.
As controls for these two reagents, either mouse 1gG or
human IgG was added at an equivalent concentration. A
mutant VCAM-1 fusion protein, VCAM-Ig D40 produced
by site-directed mutagenesis of the amino acid residues
on the loop between B strands C and D, which does not
bind w481 was used as a negative control.?®

[solation, Characterization, and Stimulation of
Mucosal Mesenchymal Cells

Human fetal mesenchymal cell lines were isolated and
characterized as described previously.?? Only cells that
grew to passage 4 and beyond were used. Each batch of
cells was characterized before use. Mesenchymal cells
(1 X 10°) were seeded into 6-well plates and maintained
in minimal essential medium plus 10% fetal calf serum
overnight. The cell layer was washed twice with ice-
cooled phosphate-buffered saline and stimulated with
anti-VLA4 (1 to 10 pg/ml), VCAM-IgG (1 to 10 ug/ml),
mouse IgG (10 ug/ml; Sigma, Poole, UK), human IgG (10
wg/ml), IL-18 (1 ng/ml; R & D Systems Europe Ltd.,

Abingdon, UK), or TNF-a (1 ng/ml; R & D Systems) in
serum-free medium for 48 hours. Culture supernatants
were removed and spun at 1,200 X g for 10 minutes to
remove cell debris before analysis of MMP production.

Human Fetal Gut Explant Culture

Second trimester human fetal small intestine was ob-
tained within 2 hours of surgical termination from the
Medical Research Council Tissue Bank (London, UK).
This study received ethical approval from the Hackney
and District Health Authority (London, UK). Fetal gut ex-
plants were cultured for 2 days in the presence of anti-
VLA4 (10 png/ml) or VCAM-IgG fusion protein (10 wg/ml),
mouse IgG or human IgG was used as IgG controls.
Culture supernatants and tissue samples were collected
and stored at —70°C before analysis.

Flow Cytometry

Mesenchymal cells were released from tissue culture
flasks by trypsin-ethylenediaminetetraacetic acid treat-
ment, washed three times, counted, and aliquoted at 5 X
10° cells per tube. Cells were then stained with anti-VLA4
(10 mg/ml) and a secondary rabbit anti-mouse antibody
conjugated to fluorescein isothiocyanate (Sigma). Mean
fluorescence intensity in arbitrary units was recorded on
a log scale for each sample.

Western Blotting

Western blotting was performed according to the meth-
ods and the reagents described previously®° except for
the monoclonal TIMP-2 antibody (used at 5 pg/ml; On-
cogene Research, Nottingham, UK) and polyclonal MT1-
MMP antibody (0.125 pg/ml, Chemicon International Inc.,
Temecula, CA). In all cases, equivalent amounts of pro-
tein were loaded onto each lane of the 10% sodium
dodecyl! sulfate-polyacrylamide gel electrophoresis and
were run in reducing conditions. The secondary antibod-
ies, rabbit anti-sheep (1:2,500), goat anti-rabbit (1:3,000),
and rabbit anti-mouse (1:1,000) were all conjugated with
horse-radish peroxidase (DAKO Ltd., High Wycombe,
UK). The bands were visualized by the enhanced chemi-
luminescence-plus system according to manufacturer’s
instructions (Amersham Pharmacia Biotech UK Ltd., Am-
ersham, Buckinghamshire, UK).

MT-MMP Plasmid and Quantification of MT1-
MMP Transcripts

To facilitate quantitation of MT1-MMP mRNA by reverse
transcriptase-polymerase chain reaction (RT-PCR), we
constructed a plasmid that encodes a standard MT1-
MMP RNA molecule according to the method of Jung et
al®' MT1-MMP-specific primer sequences, sense:
5'CGC TAC GCC ATC CAG GGT CTC AAAZ’ and anti-
sense: 5’ CGG TCA TCA TCG GGC AGC ACA AAA 332
were cloned into plasmid pHCQ,, kindly provided by Dr.



M. F. Kagnoff (Dept. of Medicine, University of California,
San Diego, CA). The sequence of the new construct was
confirmed by dideoxy sequencing (Amersham Pharma-
cia Biotech, Little Chalfont, UK). To generate standard
RNA, the plasmid was linearized with Hindlll and tran-
scribed in vitro using T7 RNA polymerase under condi-
tions recommended by the supplier (Promega,
Southampton, UK). Using the same primer set, RT-PCR of
the standard molecule produces a PCR product of 430
bp, whereas the natural target yields a 497-bp fragment.
Total RNA was extracted from cells and precipitated
according to the method described previously.?? Total
RNA (0.5 ng) was used for first-strand cDNA synthesis
together with a serial dilution of synthetic RNA molecules.
The standard RNA and test RNA were co-reverse-tran-
scribed using Moloney murine leukemia virus reverse
transcriptase (100 U, Life Technologies, Paisley, UK).
The thermal cycle was programmed with a hot-start at
94°C for 5 minutes followed by 35 cycles at 94°C for 1.5
minutes, annealing at 58°C for 2 minutes, followed by
extension at 72°C for 3 minutes. PCR products were
electrophoresed in 0.7% agarose gels containing 0.3
wg/ml ethidium bromide. Bands were visualized and their
intensities were quantified by densitometry (Seescan 1D
gel analysis package v1.00; Seescan, Cambridge, UK).
The ratios of the band intensities of the PCR products from
the standard RNA and the target RNA were plotted against
the starting amount of standard RNA molecules on a semi-
logarithmic scale. This lower limit of sensitivity of the assay
was set at 1,000 transcripts per microgram of total RNA.

Invasion Chamber Assay

Mesenchymal cells (5 x 10%) were seeded in a Biocoat
Matrigel invasion chamber (Becton Dickinson, Bedford,
MA) with an 8-um-pore size membrane precoated with
Matrigel. Five- percent fetal calf serum was used in the
lower chamber as a chemoattractant. Mesenchymal cells
were stimulated by adding VCAM-IgG (10 ug/ml) or
aVLA-4 (10 pg/ml). Recombinant TIMP-2 (3 ung/ml;
Chemicon International Inc., Harrow, UK) was also added
to some of the upper chambers. After 48 hours, the upper
Matrigel membrane and noninvading cells were removed
with cotton wool buds, and the filter was stained with
hematoxylin for 10 minutes and mounted on glass slides.
The total number of invading cells adherent to the lower
side of the membrane was counted by light microscopy.

In Situ Hybridization

A 1240-bp fragment of MT1-MMP cDNA®® was sub-
cloned to pGEM vector containing an SP6 RNA polymer-
ase recognition element. When linearized with Bgl Il, the
antisense RNA probe was transcribed in vitro containing
405 bp from 3'UTR of the MT1-MMP cDNA. The speci-
ficity of the probe was confirmed by sequencing. As a
control for nonspecific hybridization, sections were hy-
bridized with 3°S-labeled sense RNA from a bovine tro-
poelastin cDNA. The validity of this probe as a negative
control has been confirmed by Northern®* and by in situ
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hybridization assays.®®> The cDNAs were transcribed in
vitro using a commercial kit (Promega Corp., Madison,
WI) and labeled with 3°S-UTP, as previously described.3®

After deparaffinization and rehydration, 5-um sections
were pretreated with 1 mg/ml of proteinase K and
washed in 0.1 mol/L triethanolamine containing 0.25%
acetic anhydride. Subsequently, sections were hybrid-
ized with probes (2.5 to 5 X 10* cpm/ul of hybridization
buffer) and washed under stringent conditions including
treatment with RNase A, as described.®* Autoradiogra-
phy was performed for 20 to 45 days. Surgical samples
from six ulcerative colitis patients, six Crohn’s patients,
three samples from normal colon, three normal ileum, and
three normal jejunum were studied. For fetal gut explants,
15 different explants were studied. All samples were
processed in at least two experiments and were indepen-
dently analyzed by two experienced investigators. Sam-
ples previously positive for MT1-MMP (breast cancer)
were used as positive controls.

Immunohistochemistry

Six-um sections from Crohn’s or ulcerative colitis resec-
tion samples were stained with CD68 (Dako Ltd, Cam-
bridgeshire, UK) anti-VCAM-1 antibody (1:50 dilution; Au-
toantigen Bioclear UK Ltd., Wiltshire, UK) by the indirect
peroxidase method as described previously.??

Statistical Analysis

Differences between groups were compared using either
the Mann Whitney U test, if the data were not normally
distributed, or Student’s t-test, if the observations were
consistent with a sample from a normally distributed pop-
ulation. Where applicable, results are shown as mean =+
1 SE.

Results

Human Fetal Gut Mesenchymal Cells Are
Predominantly VLA-4-Positive

Flow cytometric analysis (Figure 1) revealed that 80% of
gut mesenchymal cells expressed a4p1. Similar findings
were made with different mesenchymal cell lines. When
mesenchymal cells were plated onto glass coverslips
and then stained in situ by immunohistochemistry, >90%
of the cells were a4B1-positive (data not shown).

The Activated Forms of Gelatinase A Are Up-
Regulated after the Ligation of VL.A4 on Gut
Mesenchymal Cells with Anti-VILA-4 Antibody or
VCAM-IgG

Mesenchymal cells cultured in serum-free media alone
produced basal levels of interstitial collagenase, strome-

lysin-1, gelatinase A, TIMP-1, and TIMP-2 (Figure 2). The
addition of anti-VLA4 or VCAM-IgG at 1 to 10 pg/ml to
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Figure 1. FAC analysis of a4B1-positive gut mesenchymal cells. Cells were
stained with an antibody directed against a4B1 integrin followed by a
fluorescein-conjugated secondary antibody. The thin line curve represents
the negative mouse IgG control.

mesenchymal cells for 48 hours had little effect on inter-
stitial collagenase, gelatinase B, TIMP-1, and TIMP-2 pro-
duction and there was a modest up-regulation of strome-
lysin-1 production, in comparison to TNF-a or IL-18
stimulation. However, anti-VLA4 and VCAM-IgG led to the
appearance of two activated forms of gelatinase A (68 kd
and 57 kd principally) in culture supernatants in a dose-
dependent manner (Figure 2).
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Figure 2. Activated gelatinase A is present in the culture supernatants of gut
mesenchymal cells after a4f1 ligation. Mesenchymal cells were stimulated
with different concentrations of anti-VLA4 or VCAM-IgG for 2 days. Culture
supernatants were collected and subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis analysis and Western blotting. Human 1gG
was used as negative control whereas IL-18 and TNF-a were used as positive
controls. Arrows pointing to specific bands denote latent and active forms of
MMPs. This is a representative figure from five different experiments.
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Figure 3. A: Induction of MT1-MMP transcripts in gut mesenchymal cells
after a4p1 integrin ligation. Gut mesenchymal cells were cultured with
anti-VLA4 (10 pg/mD or VCAM-IgG (10 pug/mD) for 2 days. TNF-a or ConA
were used as positive controls. This experiment is one of two separate
experiments in which identical results were obtained. B: Induction of MT1-
MMP protein by VCAM-IgG or recombinant TNF-a. Mesenchymal cells were
stimulated with VCAM-IgG, human-IgG (hu-IgG), or TNF-a for 2 days.
Whole cell lysates were used for detecting MT1-MMP by Western blotting.
This is a representative of two individual experiments with comparable
results.

Membrane Type-1 MMP s Increased after Anti-
VLA4 or VCAM-IgG Stimulation of
Mesenchymal Cells

Activation of gelatinase A on the cell membrane is asso-
ciated with MT1-MMP. Unstimulated mesenchymal cells
only expressed low numbers of MT1-MMP transcripts,
however, when the cells were stimulated with anti-VLA4
or VCAM-IgG, MT1-MMP transcripts were dramatically
increased (Figure 3A). ConA and TNF-« also increased
the expression of MT1-MMP by mesenchymal cells but
only to a small fraction of that seen with VCAM-IgG or
anti-a4 antibody. Concomitant with the increased MT1-
MMP transcripts, the active form of MT1-MMP protein (56
kd) was also up-regulated after stimulation with VCAM-
IgG or recombinant TNF-« as detected by Western blot-
ting in mesenchymal cell lysates (Figure 3B).

Anti-VLA4 and VCAM-IgG Induced a Migratory
Phenotype

To determine whether activation through «481 had func-
tional activity, we plated mesenchymal cells on Matrigel
filters and stimulated them with anti-VLA4 or VCAM-IgG.
In unstimulated cultures, several hundred cells migrated
through the Matrigel and adhered to the basal side of the
semipermeable filter. In contrast, when cells were stimu-



1600

1400
1200
1000
800
600
400 -

zozr I—I—‘ /

control  anti- anti- migG  VCAM- VCAM- VCAM- hulgG
VLA4  VLA4 190G IgG  Ig D40

TIMP-2 - - + - - + - -

Figure 4. Gut mesenchymal cells migrate in increased numbers through
Matrigel-coated filters after a4B1 ligation. This migration is significantly
inhibited by TIMP-2 (3 ug/ml). The mutant fusion protein VCAM-Ig D40
which does not bind @41 integrin and does not induce migration. Results
shown are the average of two separate experiments in which similar results
were obtained with <10% variation between different experiments.

number of migrated cells

?

lated with either VCAM-IgG or anti-a4B1 antibody, there
was a fivefold to sixfold increase in the number of cells
adherent to the basal aspect of the filter (Figure 4). Anti-
a4B1 and VCAM-IgG stimulated migration was signifi-
cantly inhibited by TIMP-2. Finally, a mutant fusion protein
VCAM-Ig D40 that does not bind a4B1 integrins did not
induce cell migration.

Up-Regulation of MTT1-MMRP in Intestinal
Explants

To determine whether MT1-MMP could be up-regulated
by a4B1 ligation of mesenchymal cells in the gut itself, we
cultured fetal gut explants with VCAM-IgG. Activated
forms of gelatinase A were detected in the culture super-
natants of explants stimulated by VCAM-IgG but not in
control/unstimulated explants (Figure 5). MT1-MMP tran-
scripts were measured by quantitative RT-PCR. Explants
which were stimulated with VCAM-IgG for 4 days had
~17,000 MT1-MMP transcripts per ug total RNA, how-
ever, the number of transcripts detected in control ex-
plants was <1,000 transcripts per ug total RNA (data not
shown). In situ hybridization revealed that MT1-MMP
mRNA was expressed on stromal/fibroblast-like cells in
the lamina propria of VCAM-IgG-treated explants. These
were scattered throughout the lamina propria and are
a-smooth muscle actin-positive.

Localization of MT1-MMP and Stromelysin-1
mRNA Expression and VCAM in Ulcers of
Patients with IBD

Weak nonspecific MT1-MMP labeling of the epithelium
was seen in normal colon (Figure 6, A and B). This
probably represents the binding of the probes to mucus.
There was no stromelysin-1 signal in control colon as
described previously.?’ mRNAs of both MT1-MMP and
stromelysin-1 are highly up-regulated in IBD ulcers com-
pared to normal colon. Both MMPs are present at the
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Figure 5. Induction of activated gelatinase A in the supernatants of fetal gut
explants after a4B1 ligation. Explants were stimulated with VCAM-IgG or
human IgG (Hu-IgG) for 4 days. Culture supernatants were collected for
Western blotting analysis. Both 64- and 57-kd active forms of gelatinase A
were up-regulated. This is representative of three experiments with similar
results.

ulcer edges, with MT1-MMP mRNA-positive cells being
spread more deeply in the mucosa (Figure 6, C and D).
Under high magnification, we found that MT1-MMP
mRNA is present in activated fibroblast-like cells (Figure
6E). Immunostaining reveals that MT1-MMP expressing
cells are neither CD68- (Figure 6, F and G) nor a-smooth
muscle actin-positive (data not shown).

Sections of IBD tissue were also stained with anti-
VCAM antibody. There was no staining in control tissue,
however, around the ulcer edges, large, strongly positive
cells were seen (Figure 6H). These cells were probably
macrophages.

Discussion

In this study, we have shown that the ligation of a4B1
integrin with an activating antibody or a VCAM-1 fusion
protein facilitates mesenchymal cell invasion and migra-
tion through extracellular matrix. The migration involves
an up-regulation of MT1-MMP and the production of ac-
tivated gelatinase A. Migration of cells can be inhibited
by TIMP-2. Concomitant with these observations, we also
showed that MT1-MMP could be up-regulated after
VCAM-IgG stimulation in organ cultures of fetal human
small intestine. High expression of MT1-MMP and
stromelysin-1 mRNA were also detected in activated fi-
broblast-like cells at the ulcer edge where VCAM-1-pos-
itive cells were present. Collectively these results suggest
an important role for a4B1 integrin on gut mesenchymal
cells, perhaps conferring a migratory phenotype on cells
around IBD ulcers.

The important role of myofibroblasts in mucosal inflam-
mation and repair is receiving increasing attention.®” Our
previous results have shown that stromelysin-1 is a potent
matrix-degrading enzyme, and it is massively up-regu-
lated during T cell activation in an ex vivo fetal gut explant
culture model.?® Stromelysin-1 is also overexpressed in
inflamed mucosa of IBD patients.?" We initially had hy-
pothesized that signaling through @481 would have an
effect on a tissue-degrading MMP such as stromelysin-1.
However, it was clear from the results (Figure 2) that the
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Figure 6. In situ hybridization reveals up-regulation of MT1-MMP mRNA in IBD ulcers. Original
magnification, X100 (unless otherwise stated). A and B: Dark and light field of MT1-MMP mRNA in a
normal colon, respectively. C: MT1-MMP mRNA in an UC ulcer. White arrows show the ulcer edge.
Note that positive cells are present at the ulcer margin and deep within the mucosa. This is representative
of six different UC and six Crohn’s ulcer sections. Dz A serial section of C shows MMP-3 mRNA restricted
to the ulcer margin. E: MT1-MMP mRNA is expressed by fibroblast-like cells in an ulcer bed. Original
magnification, X400. F: MT1-MMP mRNA in an ulcer bed, arrowheads show MT1-MMP-negative cells.
G: A serial section of F stained for CD68, the corresponding arrows, especially the cluster in the middle
of the picture, show CD68-positive cells are not co-localized with MT1-MMP expressing cells. H:
Immunochemistry shows VCAM-1-positive cells localize in the ulcer edge. White arrows indicate the
ulcer edges.



effect on interstitial collagenase, stromelysin-1, gelati-
nase B, and TIMPs 1 and 2 was minimal and that the most
striking feature was the presence of small molecular
weight form of gelatinase A.

In this study, we found that activated gelatinase A and
MT1-MMP selectively up-regulated after a4B1 ligation led
to an increased ability of gut mesenchymal cells to mi-
grate through Matrigel. It has been shown elsewhere that
the gelatinase A-related invasiveness of cells is associ-
ated with the up-regulation of MT1-MMP and the appear-
ance of the activated form (68 and 64 kd) of gelatinase
A8 In this study, we not only detected these two active
forms but also a smaller active form of gelatinase A (57
kd) in the culture supernatant of anti-VLA4- or VCAM-IgG-
stimulated mesenchymal cell cultures. We believe that
they were cleavage products generated by the dramati-
cally increased amount of MT1-MMP after stimulation. In
addition, we also detected the soluble form of MT1-MMP
in culture supernatants of VCAM-IgG-stimulated mesen-
chymal cells (data not shown). We also found that the
migration of gut mesenchymal cells can be inhibited by
adding exogenous TIMP-2. This result is consistent with
that shown by Sato et al,® who also showed that excess
TIMP-2 can inhibit the activation of gelatinase A and
hence cell migration.

When we ligated «4B1 integrin in whole gut tissue, we
also found an activated form of gelatinase A (Figure 5) in
the culture supernatant as well as MT1-MMP mRNA in situ
in the VCAM-IgG stimulated fetal gut culture explants.
The number of MT1-MMP transcripts was also up-regu-
lated in the culture explants after stimulation. Although it
is likely that the MT1-MMP increase was because of an
increase in transcripts in resident mesenchymal cells, we
cannot exclude the possibility that there may have been
a contribution from other cells expressing a4p1in fetal
gut, such as T cells or macrophages.

The up-regulation of gelatinase A and MT1-MMP is
also seen in skin wound healing, where there are many
migratory phenotypes of skin fibroblasts;3® in angiogen-
esis, where the endothelial cells migrate and the matrix
remodels;*© in airway wall and lumen, where there is
infiltration of lymphocytes and eosinophils;*' and in var-
ious neoplastic conditions.*? Gelatinase A also appears
to be localized and activated through an interaction with
other integrins such as avp3 on the cell surface of both
invading tumor cells and angiogenic vessels.*® Recently
gelatinase A and MT1-MMP null mice have been pro-
duced. The gelatinase A-deficient mouse shows no im-
pairment of development and reproduction.”* However,
MT1-MMP deficiency causes craniofacial dysmorphism,
arthritis, osteopenia, dwarfism, and soft tissue fibrosis to
the animals*® implicating its importance in growth and
development.

Following on from the experiments with the fetal gut
explants we used in situ hybridization to examine MT1-
MMP and stromelysin expression in the intestine of pa-
tients with IBD. High levels of stromelysin-1 and MT1-
MMP mRNA were localized in the same area near the
ulcer edges. When we identified the positive cells at
higher magnification, we found that most of the MT1-
MMP-positive cells are activated fibroblast-like cells, and

a4p1 Integrins and Gut Stromal Cell Migration 1961
AJP December 2000, Vol. 157, No. 6

they are neither CD68 nor a-smooth muscle actin-positive
cells. It was noticeable however that whereas stromely-
sin-1-positive cells were only around ulcers, MT1-MMP-
positive cells extended deep into the tissue. If indeed
MT1-MMP expression is related to migratory activity, this
would indicate that extensive tissue remodeling is occur-
ring deep below sites of obvious inflammation. We were
however only able to visualize VCAM-1-positive cells at
ulcer edges and could not see positive cells deeper in
the mucosa. We would like to point out that unlike those in
IBD ulcer, MT1-MMP mRNA-expressing cells in the fetal
gut are a-smooth muscle actin-positive. Fetal gut culture
tissue and chronic ulcer tissue are different, it is not
surprising that one is smooth muscle actin-positive, the
other is not. Further studies are needed to resolve the rela-
tive roles of fibronectin, abundant in inflamed gut, and
VCAM-1-positive cells in the induction of MT1- MMP in vivo.

One of the most striking aspects of the natural history
of IBD and the ulcers associated with the condition, is the
ability of the gut to heal itself without medical intervention.
There has been a great deal of interest in recent years on
the factors which make epithelial cells migrate across
diseased tissue?®*” however a key part of healing must
be the ability of mesenchymal cells to migrate through
granulation tissue at ulcer edges and heal the ulcer bed
before re-epithelialization and restoration of barrier func-
tion. Our results are to our knowledge, the first to dem-
onstrate a potential mechanism by which mesenchymal
cells could achieve this.
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